Abstract: This paper explores the strategic dimensions of R&D decisions toward novelty and openness in explaining the performance of latecomer firms in a developing economy. A structural equation model of R&D decision-making is formulated using survey data from 50 Chinese firms. The dimension of R&D novelty is defined as the degree of technological newness found in firms' R&D projects, while R&D openness describes the degree to which technologies are acquired from external sources. Our results indicate that firms' R&D decisions regarding novelty and openness are associated with demand opportunities, market competition, technological capability, and external networks. Greater R&D novelty contributes positively to innovative output but does not affect sales growth. Greater R&D openness contributes positively to sales growth but negatively to innovative output.
Introduction
Chinese leaders have long placed the development of science and technology at the center of China's modernization plan, regarding it as the key engine for catching up with advanced industrialized countries [1] . Over the last two decades, China has been continuously making substantial investments in R&D. This spending reached a record high of 162 billion US dollars in 2016, accounting for 1.97 percent of China's GDP and making it the second most R&D-intensive country in the world since 2009 [2] . Such a huge R&D effort was also made in the hope of transitioning the country's economy from being labor-intensive and export-led to a more sustainable innovation-driven growth model by 2020, as announced in China's 12th Five Year Plan for Science and Technology Development.
In this economic transitional period, Chinese firms, similar to their East Asian newly industrialized economy (NIE) counterparts in the peak of their catch-up period, face a "strategic dilemma". This dilemma is whether they should try to become innovation leaders, relying on in-house R&D, or continue their low-cost, imitation-based competitive strategies [3] . This is particularly relevant for some of China's largest firms (e.g., Huawei, Lenovo, and PetroChina) and is increasingly important for many others that are approaching multinational stages. Given China's substantial investment in technology and innovation, it is important to understand how firms are making their R&D decisions to catch up and reduce the technological gap with the industrial leaders.
Previous research has well documented the processes of technological capability building by NIE latecomers. One view rooted in the product life-cycle theory is that latecomers improve their technological capability following the technological trajectory of the developed country firms by assimilating and adapting relatively obsolete technology [4] . Latecomers should initially focus on developing production capability through licensing or joint ventures and then move on to building up independent technological capability in stages [5] . An alternative view suggests, on the contrary, that the constraints on an innovation pattern are lifted by technological paradigm shifts [6] . This type of 'window of opportunity' allows latecomers to catch up, as all industry players are new to the emerging paradigm. Latecomers can omit some parts of the trajectory or even forge novel pathways, bypassing older technology to catch up with advanced countries [7] . Latecomer transition, however, is not a simple dichotomy between catch-up and leadership strategy, as technological development and innovation are not mutually exclusive options. R&D investment is not a result of catching up but an important input to enable it [8] . Considerable R&D is required for firms to achieve radical innovation and alter the patterns of competition. All NIEs have spent a substantial amount on R&D during their catch-up process [9] . However, relatively little is known about the strategic dimensions of latecomer firms' R&D decisions and the consequential innovation performance in their catch-up process. 2. Theoretical background and hypothesis development 2.1. The novelty and openness dimensions of R&D decisions
The central concern of the literature on adaptive search behaviors is the relationship between the exploration of new vs. exploitation of existing technological capabilities in ensuring firms' competitiveness and the association of different types of learning and innovation [10] . Exploitation is described as local searches that locally address 'problems' using knowledge that is closely related to the pre-existing knowledge base of a firm [11] . Exploration is characterized as exploratory or distant searches that involve a deliberate effort to depart from present organizational routines and knowledge bases [12] . Due to the path-dependent nature of technological innovation, firms need to combine these two search activities. Exploration without exploitation is likely to suffer from the high costs of experimentation and high rates of failure because of the inherent risks and uncertainties. Conversely, exploitation without exploration is likely to be trapped in suboptimal equilibriums due to core rigidities or competency traps [13] . Both activities are essential but compete for the same resources. As a result, achieving an optimum balance between the two to combine internal and external knowledge is a primary requirement for making R&D decisions on search behaviors [14] . More importantly, the exploitation and exploration framework indicates that the key difference between the two is the degree to which search behaviors involve the development of new knowledge and sources of such knowledge creation.
The other strategic dimension, R&D openness, is related to the sources of knowledge creation. Firms need to choose the extent of openness these exploitation and exploration search behaviors should incorporate, i.e., relying mainly on internal R&D efforts (internalization) or searching for external technology (externalization), to explore and exploit technology innovation. R&D openness can be seen as the extent to which technologies are acquired from external sources. These strategies cover a mixture of in-house R&D, strategic alliances, licensing of technologies, and other approaches. The transaction cost perspective has emphasized the costs related to these external sourcing options, such as organizational coordination, partner selection, risks of imitation, and knowledge leakage [15] .
Dimensions of R&D decisions toward novelty and openness within catch-up strategy
R&D search behavior is induced by technological opportunities. Opportunities in the form of knowledge sources are characterized by complementarities between sources that are internal and external to the organization. Together with opportunity conditions, three other factors (appropriability conditions, degrees of cumulativeness of technological knowledge, and characteristics of the relevant knowledgebase) are part of the technological regimes that define patterns of R&D behaviors [16] . Demand opportunity reflects the potential for market demand to induce technological innovation. When market demand is diversified and dominant design does not occur, there will be more demand opportunity for late comers to catch up with less R&D investment [17] . One approach is the use of technological improvement based on imitation to satisfy markets with less demanding customers at a price discount [18] . Another is OEM based on importing mature technology to acquire low-cost profits from exportation [19] . Otherwise, late comers need to invest more to develop new technological functions based on applied and basic research to avoid a price war under conditions characterized by less variety of demand, high performance preferences, and difficulties in exporting to advanced markets. Accordingly, it is proposed that less demand opportunity with less variety in demand, high price preferences, and strong barriers to exportation require more investment to gain R&D novelty. Additionally, in-house R&D will play a more critical role than external technological acquisition under conditions of less demand opportunity when a mature value network sets a high entry threshold [20] . Accordingly, H1.1. Less demand opportunity leads to R&D decisions oriented towards greater novelty. H1.2. Less demand opportunity leads to R&D decisions oriented towards lower openness. Market competition represents the potential of competition, including imitation from late comers, to trigger technological innovation. High levels of market competition with rapid technological obsolescence and easy product substitution trigger more investment into applied and basic research to fill the competitive gap due to the loss of low labor costs [21] . At the same time, greater market competition causes a strong requirement for rapid innovation and calls for breaking down the boundaries of R&D organizations and making use of technological diffusion from other related industries [22] . Hence, H2.1. Greater market competition leads to R&D decisions oriented towards greater novelty. H2.2. Greater market competition leads to R&D decisions oriented towards greater openness. Technological capability reflects both the status quo of technological innovation [23] and opportunities for technological innovation in the future [24] . Technological capability plays a fundamentally positive role in the transition from imitation to innovation [25] and encourages the development of novel R&D while approaching the international frontier [26] . The positive effect of technological capability on R&D novelty is based on two perspectives. First, the accumulation of technological capability is path-dependent. Greater technological capability means an accumulation of technological knowledge and management routines, which creates promising conditions for further innovation. Second, existing technological capabilities contribute less to the innovations that are destroying current technological competencies. However, latecomers can only seize technology windows of competence destruction if they possess sufficient technological capability. Technological capability has a positive effect on R&D openness, considering that late comers with high levels of technological capabilities are inclined to use more in-house R&D to acquire original innovations [27] . Late comers are forced to use external technologies in earlier stages of catch-up because they are unable to initiate original innovation. However, they will endeavor to increasingly rely on their own R&D efforts to escape being 'locked-in' with technological suppliers as they build ever greater technological capabilities. Therefore, H3.1. Higher technological capability leads to R&D decisions oriented towards greater novelty.
H3.2. Higher technological capability leads to R&D decisions oriented towards less openness.
Net working provides the possibility for firms to work in a collaborative mode to acquire external technologies and knowledge rather than relying on firms' isolated efforts to innovate. Although some researchers consider technological learning to be an aspect of technological capability [28] , these concepts are treated separately in this study because technological learning with linkages to external knowledge resources plays an important role in both technological capability building and technological innovation during catch-up [29] . Well organized external networks can contribute positively to R&D novelty when considering spill-overs that help firms build risk awareness and avoid technological problems that can not or would be costly to solve internally [30] . NIE latecomers' experience also shows that external networks can positively lead to R&D openness, as more investment is directed to various external acquisitions of technology [31] . We therefore expect, H4.1. A wider external network leads to R&D decisions oriented towards greater novelty. H4.2. A wider external network leads to R&D decisions oriented towards greater levels of openness.
2.3. R&D novelty and openness and firms' innovative performance Greater levels of R&D novelty can create more new knowledge, which in turn creates more opportunities to generate more innovative output, such as IPR and new products. However, greater levels of R&D novelty from wider technology categories of new knowledge may increase communication and organization costs when the existing networks of relation-ships begin to span the internal and external boundaries of the organization [32] . The stability and reliability of the organization may also decrease [33] . Firms might have to invest more time and resources to cope with the increasing complexity of the R&D projects. As a result, they may experience delays in the launching of target markets, thus hindering scale expansion and sales growth. This suggests that, H5.1. R&D decisions oriented towards greater novelty lead to more innovative output. H5.2. R&D decisions oriented towards greater novelty lead to slower sales growth. We expect that greater R&D openness, with more external technological acquisitions, reduces opportunities to acquire external knowledge, such as IPR and new product development. A survey of Taiwanese firms demonstrated that technology out-sourcing in the form of inward licensing does not contribute to innovation performance [34] . However, more external technological acquisition can reduce the time to advance the firm's technological position by assimilating technological developments from benchmarking competitors [35] . Furthermore, it reduces the time required to launch innovations relative to internal R&D. The Japanese experience shows that external technological acquisition helps firms to enhance sales in the US market [36] . We therefore expect, H6.1. R&D decisions oriented towards greater openness lead to less innovative output. H6.2. R&D decisions oriented towards greater openness lead to quicker sales growth. 3. Research method 3.1. Measures 3.1.1.R&D novelty We use a different categorization of R&D projects, including pure science, basic research, applied research, exploratory development, and advanced development [37] . 3.1.2. R&D openness Methods of technological development or acquisition, including in-house R&D, collaborative R&D, technology purchasing, and technology licensing [38] , are used as an indicator of R&D organization to calculate the degree of R&D openness. 6. Discussion and conclusion In this study, we explored the characteristics of R&D decisions during technology catch-up using a structural equation model with survey data collected from local companies in China. Two strategic dimensions of R&D decisions, novelty and openness, were studied to explain latecomers' innovation performance. First, 7 high levels of R&D novelty, with investment in new knowledge creation, contribute positively to innovative output and sales growth. Second, greater R&D openness, with greater investments in external technology acquisitions, contributes positively to sales growth but negatively to innovative output, as expected. R&D novelty and openness are in turn affected by a number of factors. R&D novelty is positively affected by a firm's market competition, technological capabilities, external networks, and reduced demand opportunities. Structurally balanced R&D decisions on both dimensions of novelty and openness are critical for achieving good catch-up performance. Starting from the specified conditions of innovation, both short-and long-run innovation objectives should be considered in R&D decision-making.
